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ABSTRACT OF THESIS 
Martin, Danny B. 1963. Effects of periodic inundation on shoreline 
vegetation of abandoned cultivated fields at Cedar Bluff Reservoir, 
Trego County, Kansas 
A detailed analysis of the shoreline vegetation occurring on old 
cultivated fields was conducted at Dedar Bluff Reservoir. In addition, 
the vegetation of each shoreline community or zone was correlated with 
the history of previous inundation on that particular zone. 
Five different areas were selected for study, and five transects 
were established on each study area. Transects were positioned parallel 
to each other at thirty meter intervals, and each transect intersected 
the water line at approximately right angles. Grasses and sedges were 
sampled along each line by means of a meter long rod; other herbaceous 
vegetation was sampled by a rectangular frame, one meter long and two 
decimeters wide; and woody ve ge tation was sampled by a square meter 
frame . The dates and duration of inundation on each zone were determined 
by establishing elevation contours above and below the zones, and utiliz-
ing the daily water level records available from the reservoir superin-
tendent. 
Each study area contained a control zone which was positioned 
directly above and parallel to the high water line. The control zones 
of each area were quite similar in vegetative composition, and repre 
sented typical, undisturbed "go back" vegetation of fields in the tenth 
to twentieth year of secondary succession. Each study area also contained 
a corresponding zone found immediately above the existing water line. 
This zone was characterized by nwnerous hydrophytic and water tolerant 
herbaceous plants and an abundance of woody pl ants. This lowest zone was 
most often inundated in each study area, and was most influenced by the 
effect s of the fluct uating water level within the reservoir. 
Aside from the uppermost, uninundated control zone and the lower-
most, frequently inundated zone, each area varied somewhat in ve getat ion 
and physiography. Areas I, II, and IV contained t hree zones, ot her than 
the two previously mentioned, that were similar in vegetative aspect and 
corresponded in elevations. Area III had only two other zones and Area V 
contained three other zones, markedly different f rom any of those s tudi ed. 
ACKNOWLEDGEMENTS 
The author wishes to express his sincere appreciation to 
Dr. G. W. Tomanek for suggesting the problem, helpful suggestions 
during the investigation, and for reading and criticizing the manu-
script. Gratitude is also expressed to Drs. F. E. Kinsinger, C. A. 
Ely, and H. s. Choguill for reading and criticizing the manuscript . 
Thanks are also extended to Mr . Roy Holland, Superintendent of Cedar 
Bluff Reservoir, for his help and cooperation in obtaining informa-
tion on water level data. Appreciation is extended to various members 
of the Botany Department and other outside help for their aid in the 
collection of field data. 
Introduction 
Related Literature • 




Zone A . . 
Zone B . . . 
Zone C 
Zone D 
Area II . . . 
Control Zone 
Zone A . . 
Zone B . . 
Zone C . 






Control Zone •• 
Zone A. 
Zone B •• 
Zone C 
Area IV 
Zone A ••• 
Zone B. 
TABLE OF CONTENTS 
. . ., . . . . . . 
. 
. . . . . . 































Zone C • • 
Zone D 
Area V ••• 
Control Zone •• 
Zone A 
Zone B •• 
Zone C 


















LIST OF TABLES 
TABLE PAGE 
I. Percentage basal cover for each species of grass and 
sedge found in each vegetative zone of Study Area I 15 
II. Abundance of all herbaceous vegetation, excepting 
grasses a..Dd sedges, for each vegetative zone of Study 
Area I. Data are expressed in number of stems per 
square meter ••••••••• 
III. Number of tree seedlings per square meter (S) and 
number of established trees per square meter (ET) 
in each vegetative zone of Study Area I 
IV. Percentage basal cover for each species of grass and 
17 
21 
sedge found in each vegetative zone of Study Area II. • 27 
V. Abundance of all herbaceous vegetation, excepting 
grasses and sedges, for each vegetativA zone of Study 
Area II. Data are expressed in number of stems 
per square meter . 
VI. Number of tree seedlings per square meter (S) and 
number of established trees per square meter (ET) 
in each vegetative zone of Study Area II • 
VII. Percentage basal cover for each species of grass and 
28 
31 
sedge found in each vegetative zone of Study Area III • 36 
VIII. Abundance of all herbaceous vegetation excepting grasses 
and sedges for each ve getative zone in Study Area III. 
Dataahe expressed in number of stems per square meter. 38 
TABLE PAGE 
IX. Number of tree seedlings per square meter (S) and 
number of established trees per square meter (ET) 
in each vegetative zone of Study Area III ••••• 
X. Percentage basal cover for each species of grass and 
42 
sedge found in each vegetative zone of Study Area IV . • 45 
XI . Abundance of all herbaceous vegetation excepting 
grasses and sedges for each vegetative zone in Study 
Area IV. Data are expressed in number of stems per 
square meter. 
XII . Number of tree seedlings per square meter (S) and 
number of established trees per square meter (ET) 
in each vegetative zone of Study Area IV •• 
XIII . Percentage basal cover f or each species of grass 
and sedge found in each vegetative zone 0f Study 
Area V •• • 
XIV . Abundance of all herbaceous vegetation excepting 
grasses and sedges for each vegetative zone in 
Study Area V. Data are expressed in number of 
stems per square meter . • •••.•••• 
XV . Number of tree seed.lings per square meter (S) and 
number of established trees per square meter (ET) 






LIST OF FIGURES 
FIGURE PAGE 
1. Topographic map, drawn to scale, of Study Area I, 
showing elevation contours, boundaries of vegetative 
zones and position of the line transects ••• 
2. Topographic map, drawn to scale, of Study Area II , 
showing elevation contours, boundaries of vegetative 
zones and position of the line transects ••• 
3. Topographic map, drawn to scale, of Study Area III, 
showing elevation contours, boundaries of vegetative 
zones and position of the line transects ••• 
4. Topographic map, drawn to scale, of Study Area IV, 
showing elevation contours, boundaries of veget2tive 
zones and position of the line transects ••• 
5. Topographic map, drawn to scale, of Study Area V, 




zones and position of the line transects • • • • • • • 53 
INTRODUCTION 
Within the last thirty years, numerous man-made reservoirs have 
been constructed in the Great Plains region. In adctition, many more 
reservoirs are currently in the planning stage, to provide increased 
flood control, more extensive irrigation and more recreational facil-
ities. This intricate system of man-made lakes will probably be 
expanded to vast proportions in the future. 
As each new reservoir is filled, many acres of cultivated land 
are abandoned and inundated. In most cases, the barren shorelines of 
cultivated fields are allowed to revegetate naturally. The fluctuating 
water level within the reservoir modifies large portions of these shore-
lines, with the result that unique plant communities are formed, domi-
nated by hydrophytes and water-tolerant species. Areas above the high 
water line normally progress toward climax grassland, through the 
various stages of secondary succession typical of the surrounding area. 
This study was conducted at Cedar Bluff Reservoir, a man-made 
lake located on the main stem of the Smoky Hill River, in the south-
east corner of Trego County, Kansas. The dam is an earthfill structure 
12,520 feet in length, and crests 134 feet above the river bed. When 
the water line is at the irrigation pool level of 2,144 feet elevation, 
the lake is 9 miles long, 5 miles across at the widest point, and has 
a surface area of 6,600 acres. A total of 54 linear miles is included 
in the shoreline of the reservoir. 
The purpose of the study was to make a detailed analysis of the 
shoreline vegetation occurring on old cultivated fields at Cedar Bluff 
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Reservoir. In addition, the vegetative composition of each shoreline 
community or zone was correlated with the history of previous inundation 
on the particular zone. The lake is now twelve years old, and all fields 
included in the study were actively cultivated until the spring of 1951, 
at which time the dam was completed. The water level within the reservoir 
is now maintained at 2,144 feet elevation, except during periods when 
excessive rainfall creates a flood menace. On several occasions, the 
water level has risen to various higher elevations, with a maximum high 
water mark of 2,155 feet elevation. 
Study was initiated at the end of the 1962 growing season. The 
water level was at 2,144 feet elevation. An effort was made to determine 
the vegetative composition of shoreline areas between the high water line 
of 2,155 feet and the irrigation pool level of 2,144 feet. The vegetation 
of the areas, which were subjected to periodic inundation, was then com-
pared to the vegetation of control areas which were located directly 
above the high water mark. Daily water level readings for the entire 
existence of the reservoir were available from the office of the reservoir 
superintendent, and this data were used in determining the dates, dura-
tion and frequency of inundation on each shoreline zone of vegetation. 
RELA. TED LITERATURE 
Apparently, no previous effort has been made to conduct an 
ecological field study which parallels this particular problem in 
scope and objectives. Selection of individual studies which could 
apply to specific portions of the investigation became necessary. 
First, studies on secondary succession within the mixed prairie region 
were reviewed. The literature coincides with the control zones of the 
present problem which were located directly above the high water line. 
Control zones represent typical vegetation occurring on undisturbed 11 go 
back" areas. Second, literature on floodplain and shoreline vegetation 
of streams, rivers, and lakes in the mixed prairie was reviewed to 
provide information on the vegetation of areas between the high water 
line and the irrigation pool level of the reservoir. 
Riegel (1944) compared natural and artificial re-vegetation of 
land retired from cultivation in the mixed prairie near Hays, Kansas. 
Natural revegetation followed a marked pattern which was divided into 
four progressive stages. After 10 to 15 years, the vegetation on 
naturally revegetated areas consisted largely of short-lived perennial 
grasses, having a total basal cover of about 20 per cent. Sixty per 
cent of the cover was sand dropseed (Sporobolus cryptandrus), 20 per 
cent was tumblegrass (Schedonnardus panicul atus) and 15 per cent was 
windmillgrass (Chloris verticillata). The remaining grass cover 
consisted of silver bluestem (Andropogon saccharoides), red threeawn 
(Aristida longiseta) , blue grama (Bouteloua gracilis), and buffalo-
grass (Buchloe dactyloides). Forbs were of minor importance. The most 
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frequently occurring species were western ragweed (Ambrosia psilostachya), 
horseweed (Conyza canadensis1 and heath aster (Aster ericoides). 
Weaver and Albertson (1956) described plant successi on on denuded 
ranges of the Great Plains immediately following t he severe drought of 
1933 to 1940. Study indicated that the sand dropseed, tumblegrass and 
windmillgrass were the first native grass invaders. Immediately follow-
ing and integrating the early bunch-grass stage were other shortlived 
perennials such as red threeawn and purple threeawn (Aristida purpurea). 
Smith (1940) found that on abandoned fields in central Oklahoma, 
threeawn grasses (Aristida oligantha and !::_. basiramea) and windmill-
grass assumed early dominance, followed by a lat er invasion of sand 
dropseed, silver bluestem, sixweeks fescue (Festuca octoflora) and 
purple threeawn. 
Savage and Runyon (1937) found succession of growth on abandoned 
fields to follow four rather distinct but over lapping stages. The firs t 
bunch-grass stage was characterized by a dominance of sand dropseed and 
red threeawn. Sub-dominant species of this stage included windmillgrass, 
tumblegrass, and buffalograss. 
Booth (1941) investigated natural revegetation of abandoned 
fields in Kansas and Oklahoma. His studies revealed t hat the second 
stage of plant development started at about 7 years and lasted for as 
long as 30 years. Threeawn grasses were the predominant species of 
this stage, and comprised a relatively small basal area of from 5 to 
20 per cent. The large open spaces between the bunch-grasses were 
inhabitated by annual grasses, e.g., Japanese brome (Bromus japonicus) 
and foxtail barley (Hordeum jubatum), and numerous biennial and 
perennial forbs. 
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Judd and Jackson (1939) studied secondary succession on abandoned 
fields in western Nebraska. Vegetation after 7 years succession, had an 
average density of 149 stems per square meter. Sand dropseed comprised 
74 per cent of the total vegetation, while needleandthread (Stipa 
comata), western wheatgrass (Agropyron smithii), woolly plantain (Plantago 
purshii), and curlycup gumweed (Grindelia squarrosa) were relatively 
important sub-dominants. After 15 years succession, red threeawn com-
prised 66 per cent of the total vegetative density, which was 148 stems 
per square meter. 
Investigations in the foothills region of Colorado by Hanson (1928) 
revealed that snakeweed (Gutierrezia spp.), threeawn grasses and tumble-
grass persisted for from 7 to 40 years on abandoned cultivated fields. 
Tomanek and Ziegler (1961) described the vegetation of a woody 
community occurring on the lower level of the shoreline at Cedar Bluff 
Reservoir. The data were obtained by means of a belt transect across a 
low, narrow peninsula. ALmondleaf willow (Salix amygdaloides) and sand-
bar willow (Salix interior) were the dominant woody species, followed by 
salt cedar (Tamarix pentandra) and plains cottonwood (Populus sargentii). 
Curltop smartweed (Polygonum lapathifolium) was the most abundant 
herbaceous plant. Other herbs of major importance were common witch-
grass (Panicum capillare), heavy sedge (Carex gravida), flatsedge 
(Cyperus spp.), spikerush (Eleocharis ~.), American bulrush (Scirpus 
americanus), fogfruit (Lippia cuneifolia), watercress (Rorippa sinuata), 
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and pale dock (Rumex altissimus). A list of 54 hydrophytes and water-
tolerant species cormnonly associated with salt cedar in northwest 
Kansas is also included in the report. 
Hopkins and Tomanek (1957) studied the trees and shrubs of woody 
communities all along the shoreline of Cedar Bluff Reservoir. Composi-
tion was determined by a series of line transects perpendicular to the 
shoreline, through the wooded areas. Salt cedar was the most abundant 
species, with plains cottonwood, almondleaf willow,and sandbar willow 
ranking second, third, and fourth, respectively. Cottonwood and willow 
were the most evenly distributed, however, with salt cedar occurring 
mainly in small concentrated stands. 
Gibbens (1952) investigated the effect of periodic inundation on 
native prairie vegetation along the shoreline of Cedar Bluff Reservoir 
and found in all cases that flooding resulted in compl ete destruction of 
the former vegetation. Buffalo grass occurred in almost pure stands on 
the higher elevations, with a decrease of all perennial grass cover as 
the elevations decreased toward the water's edge. 
Tiemeier (1951) mapped vegetational types occurring around the 
shoreline of Kanopolis Reservoir in Ellsworth County, Kansas. Dominant 
species found in the several zones circumscribing the permanent pool water 
level were listed in a series of tables. In addition hydrophytes and 
water-tolerant plants found in the vicinity of Kanopolis lake were listed. 
Tiemeier's study was of a preliminary nature, and all data were taken 
from observation, rather than from intensive methods of vegetative 
analysis. 
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Jantzen (1960) made an intensive study to establish patterns of 
zonation in a boggy marsh located in Stafford County, Kansas. Three 
zones of emergent aquatics were apparent in the littoral area of the 
marsh. These were: (1) A zone dominated by cattail (Typha latifolia 
and T. angustifolia), (2) the arrowhead (Sagittaria ~-) zone, and 
(3) the rice cutgrass (Leersia oryzoides) zone. Zones were segregat ed 
by means of line transects perpendicular to the water's edge. An over -
flow plain, inundated only periodically, formed t he extreme perimeter 
of the study area and was dominated by prairie cordgrass (Spartina 
pectinata). 
Parker and Whitfield (1941) studied the vegetat ion around sever al 
playa lakes in the mixed prairie of northwes t Texas. Buffalograss was 
found to be the most important perennial grass around the lakes. The 
lower contours of the shoreline were comprised of al.most pure s t ands of 
buffalograss. As the distance i ncreased out ward f rom l ower el evations, 
spikerush, snow-on-the-mountain (Euphorbia marginata), various species 
of Carex, tumblegrass and curlycup gumweed became i ncreasingly 
prominent. 
Ware and Penfound (1949) made ext ensive studies on the vegetation 
of the lower floodplain of the South Canadian River in Cent ral Oklahoma. 
A total of 85 species were encountered on the first and second levels of 
the floodplain. Of these, eastern cott onwood (Populus deltoides), sand-
bar willow and salt cedar were the predominant species. Flatsedge, 
cocklebur (Xanthium commune) and crabgrass (Digitaria sanguinalis) were 
dominant herbaceous plants. Of t he fore going plants, the woody species 
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remained important on all levels, while the population of herbaceous 
plants changed considerably on the different levels. 
Penfound (1952) outlined method of ecological study of herbaceous 
vascular hydrophytes. Major emphasis was placed on nomenclature, 
ecological classification, distribution, habitat, communities, effect 
of habitat factors, morphology, development, and economic value. 
Hefley (1937) studied plant communities on the floodplain of 
the Canadian River in Cleveland County, Oklahoma. Five levels of physio-
graphic and vegetative succession were delineated in his study. Dominant 
species and ecological relationships were included in a detailed discus-
sion for each level of the floodplain. 
METHODS OF STUDY 
Five different areas were selected for study. Three of the areas 
were located on the south shore of the reservoir, and two on the north 
shoreline . Each study area was carefully selected to obtain a uniform 
downward slope from well above the high water line to the water's edge. 
Im attempt was also made to select areas in which all other environmental 
factors, within the given area, were as homogeneous as possible . Environ-
mental factors such as soil, extent of erosion from previous cultivation, 
degree of slope, exposure, microclimate and effects of surrounding 
communities were somewhat varied among the five different areas. How-
ever, conditions within a given study area were quite uniform. Under 
these conditions , any zonation in vegetation which corresponded with a 
difference in the elevation of the shoreline, was a result of variations 
in the inundation of each zone by the fluctuat ing water level within the 
reservoir. 
Five transects were established on each study area by driving five 
stakes, 30 meters apart, along the water's edge, and running a heavy cord 
from each stake inland to a point known to be well above the high water 
line of 2,155 feet elevation. Each cord was then stretched tight and 
secured with another stake. Transects were thus positioned nearly 
parallel to each other, at 30 meter intervals; and each transect inter-
sected the water line at approximately right angles. 
The high water line was marked with a stake on each transect. This 
elevation was obtained on each line by means of a surveyor's transit and 
rod. Elevations were taken from the known water level, which was obtained 
10 
from the spillway gauge each time a study area was established. 
Data were taken first from the high water mark inland, for a 
distance of 20 meters along each line, to obtain a sample of vegeta-
tion in the control zone. The control zone was in a position directly 
adjacent to the high water line, but had never been inundated. Data 
were then taken from the high water mark dmm to the water I s edge along 
each line to segregate zones of vegetation, and to determine composition 
of different zones which were subjected to various inundation situations. 
Three different types of transects were used in sampling along each 
lj_ne. 
Grasses and sedges were sampled by means of a meter-long rod 
divided into 100, one-centimeter units. The total number of units that 
passed over the crown of a grass or sedge was recorded for each individual 
species in that particular meter sample. The rod was placed end to end 
along the line, providing a continuous sampling of grasses and sedges. 
The total number of hits for each species in each meter was recorded in 
the order taken along the line. 
The remaining herbaceous vegetation was sampled by means of a 
rectangular frame, 1 meter long and 2 decimeters wide. Essentially, 
this was a belt transect 2 decimeters wide, with data recorded for every 
meter of transect. Each stem occurring inside the frame was counted by 
species and recorded in the order taken. The frame, like the meter rod, 
was placed end to end along each line, in order that a continuous sample 
was obtained. 
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Woody vegetation was sampled by means of a square meter frame 
placed end to end continuously along the lines. This was in essence, 
a belt transect one meter wide, with recordings made for every one-
meter interval. The number of seedlings occurring inside the frame 
were recorded by species for each meter of sample. In addition, the 
number, height, width of foliage, and diameter of stem of each estab-
lished woody plant occurring inside the frame was also recorded by 
species. Any woody plant less than 1/2 meter in height and having a 
solitary stem was considered a seeclling (Ware and Penfound, 1949). All 
woody plants exceeding these specifications were recorded as established 
plants. 
After data had been collected in the field, the data for each 
transect were transferred to long sheets of wrapping paper, so that 
the complete transects could be viewed in their entirety. Since data 
for all three types of transects had been taken in the same order, by 
equal one-meter intervals, data were readily superimposed to obtain a 
complete picture of all vegetation occurring along each line transect. 
Zonation in the vegetation was readily observed and boundaries were 
placed around each zone as they occurred along each of the transects. 
When vegetative zones had been delineated, the following data 
were computed for the vegetation occurring in each zone: (1) Grasses 
and sedges were determined and each species expressed by percentage basal 
cover; (2) all other herbaceous vegetation was determined and each 
species expressed by number of stems per square meter; and (3) data on 
woody vegetation were calculated and each species expressed as number of 
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established trees per square meter and number of seedlings per square 
meter . 
Scientific names of all plants used are those of Hitchcobk (1951) 
and Rydberg (1932). Common names of plants fol low those of Anderson 
(1961). 
A scale drawing of each study area was made, and the vegetative 
zones mapped according to the position of their boundaries on each line 
transect. 
Following mapping of the vegetation on each study area, elevations 
were taken on the boundaries of the ve getative zones. This was done by 
finding the boundaries of each zone in the field from the scale maps of the 
study areas, and shooting the elevations from the known water level with 
a surveyor 1 s transit and rod. Thus, elevation contours corresponding 
with the boundaries of each zone were established. 
Once the elevation contours, both above and below each zone were 
established, exact dates and durations of inundation on each zone were 
determined from the records kept by the reservoir superintendent. These 
records contain daily water level readings for the entire life of the 
reservoir. Water level data were expressed as the number of days out 
of each month that the water was between the elevation contours of each 
zone within the study areas. The complete history of inundation on each 
zone was thus correlated with the vegetative composition of that zone. 
RESULTS 
AREA I 
Study Area I was an east-facing slope, located along a small bay, 
on the south shore of the reservoir. Slope was moderate, ranging from 
4.6 per cent along transect number one to 3.1 per cent along transect 
number five. The shoreline was divided into five communities or zones, 
each having a unique vegetative composition. These zones of vegetation 
circumscribed the water's edge at different elevation levels, and were 
designated Control, A, B, C, and Din the order of descending elevations 
(Fig. 1). 
Control Zone. The control zone was 20 meters wide and positioned 
directly above and parallel to the 2,lSS feet elevation contour (Fig. 1). 
Total basal cover of grasses was relatively low, although all species 
were evenly distributed throughout the zone. Forbs were numerous, 
occupying the open spaces between the widely spaced clumps of short-
lived perennial grasses·. Woody vegetation was completely absent in the 
control zone. 
Total basal cover of grasses in the control zone was 16.29 per 
cent (Table I). Red threeawn was the dominant species, having a basal 
cover of 7.84 per cent. Windmillgrass, and sand dropseed were important 
sub-dominants, having basal covers of 3.74 and J.24 per cent, respectively. 
Silver bluestem occurred occasionally throughout and had a basal cover of 
1.27 per cent. Other species of minor importance that were encountered 
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Figure 1 . Topographic map, drawn to scale, of Study Area I, 
showing elevation contours, boundaries of vegetative 
zones and position of the line transects. 
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TABLE I. Percentage basal cover for each species of grass and 
sedge found in each vegetative zone of Study A:rea I. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Red threeawn 7.84 1.89 .01 .10 
Buffalograss .1.5 14.42 9 • .52 S.76 
Silver bluestem 1.27 • .51 .10 
Tumble grass .02 .18 
Common witchgrass .03 .01 .09 .06 
Windmillgrass 3.74 3.68 .61 1.69 .21 
Sand dropseed 3.24 1.49 6.23 2.88 .31 
Canada wildrye .o4 
Heavy sedge .03 
Saltgrass .04 .01 
Yellow bristlegrass .03 .02 
Green muhly .12 
TOTALS 16.29 21.99 16.44 10.94 .79 
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Forbs in the control zone had an average abundance of 97.70 stems 
per square meter (Table II). A total of 29 different species were en-
countered along the transects. Western ragweed, horseweed, curlycup gum-
weed, and Missouri goldenrod (Solidago missouriensis) were the most 
prominent forb species in the control zone. 
Zone~. Zone A ranged from 5 to 18 meters in width, and occupied 
that part of the shoreline between 2,155 and 2,154 feet elevation (Fig. 1). 
Only five species of grasses were found but they had the highest total 
basal cover recorded for any zone in the study area. Forbs in Zone A 
were less abundant than in the control zone. Woody vegetation was 
completely absent. 
Total basal cover of grasses in Zone A was 21.99 per cent (Table 
I). Buffalograss was the dominant species, having a basal cover of 14.42 
per cent. Windmillgrass, red threeawn and sand dropseed were the major 
secondary species, having basal covers of 3.68, 1.89, and 1.49 per cent, 
respectively. Silver bluestem was the only other grass encountered along 
the transects in Zone A. 
A total of 20 different forbs, with an average abundance of 51 .03 
stems per square meter, were recorded along the transects in Zone A 
(Table II). Western ragweed, Missouri goldenrod, curlycup gumweed, and 
falsetarragon sagewort (Artemisia dracunculoides) were the most prominent 
forb species in Zone A. 
Zone A was inundated on two occasions during the entire history 
of the reservoir. These were: (1) ¥or a period of 7 days in July of 1951; 
and (2) for 15 days in June and July of 1957. 
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[t.ABLE II. Abundance of aJ.l herbaceous vegetation, excepting 
grasses and sedges, for each vegetative zone of 
Study Area I. Data am expressed in number of stems 
per square meter. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Wavyleaf thistle* 1.70 
Scarlet globemallow .20 
Illinois bundleflower .10 
Whorled milkweed .05 
Snow-on-the-mountain .05 
Narrowleaf four-o 1 clock .05 
Slender greenthread .40 .09 
Broom snakeweed .30 .28 
Texas croton .10 .09 
Buffalo gourd .o5 .09 
Narrowleaf. bluets .o5 .09 
Lanceleaf groundcherry .40 .06 
Dakota verbena .o5 .06 .24 
Slimflower scurfpea .30 .04 
Heath aster 3.15 1.13 .40 3.21 
Prairie coneflower .35 .09 1.44 1.54 
Common sunflower .45 .67 
Woolly verbena .05 .37 .12 
(Continued on next page) 
~cientific names of all herbaceous plants other than grasses and sedges 
are in Appendix A. 
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TABLE II. (Continued) 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Kochia .15 •. 28 .29 .37 
Kuhnia 2.40 1.51 .69 .67 
Rosering gaillardia 4.oo .57 .06 .06 
Western ragweed 30.65 24.06 13.05 38.66 23.35 
Horseweed 26.75 .75 2.01 4.59 10.00 
Curlycup gumweed 12.20 3.87 2.18 2.56 1.95 
Missouri goldenrod 7.00 10094 .54 7.32 14.27 
Smallflower gaura 1.25 .57 2.18 .49 .18 
Louisiana lettuce 2.00 .57 .40 .65 .06 
Geyer euphorbia 3o45 .57 1.09 2.97 .18 
> 
Fogfruit .05 1.42 4.31 10.93 8.48 Ill Ii 
< 
Common evening-primrose .19 .46 12.89 4.63 -. ., 
Falsetarragon sagewort 3.87 .57 1.67 z 
Swamp smartweed .11 
Pale dock .37 .61 
Curltop smartweed 4.82 
Cocklebur 1.22 
American bulrush 1.16 
La.mbsquarters .85 
Purple arrnnannia .79 
Bigbract verbena .61 
Common cattail .18 
(Continued on next page) 
19 
TABLE II. (Continued) 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Dudley rush .18 
Winged lythrum .16 
Flatsedge .06 
Meadow salsify .06 
TOTAIS 97.70 51.0J_ 29.88 88.50 75.69 
< 
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Zone B. Zone B ranged from 10 to 22 meters in width, and lay 
between the 2,154 and 2,151 feet elevation contours (Fig. 1). Zone B 
had a savannah-like appearance, with an overstory of mature, established 
trees and an understory of grasses. Forbs were not prominent, being 
confined to small scattered stands in open spaces or small clearings. 
Total basal cover of grasses was 16~).ili per cent (Table I). 
Buffalograss and sand dropseed were about equal ranking dominants, 
having basal covers of 9.52 and 6.23 per cent, respectively. Other 
grass species were of very minor importance and included windmillgrass, 
red threeawn and common witchgrass. 
'Ihe average total abundance of forbs in Zone B was 29.88 stems 
per square meter (Table II). Eighteen different species were encountered. 
Western ragweed and fogfruit were the most prominent species; and horse-
weed, curlycup gu.mweed, smallflower gaura (Gaura parviflora}, and prairie 
coneflower (Ratibida columnifera) were of common occurrence. 
Woody vegetation consisted of an even-aged, mature stand of plains 
cottonwood (Table III). Cottonwood seedlings were scarce, but an 
average of o.80 established trees per square meter was present. Trees 
ranged from 1.1 to 8.6 meters in height, with a foliage width of from 
o.60 to 4.2 meters. Diameter of stems ranged from 6 to 38 centimeters. 
Zone B was inundated twice during the existence of the reservoir. 
These were: (1) For a period of 32 days in July and August of 1951; and 
(2) for 42 days in June and July of 1957. 
T.A.BLE III. Number of tree seedlings per square meter (S) and number of established trees 
per square meter (ET) in each vegetative zone of Study Area I. 
CONTROL ZONE A ZONE B ZONE C ZONED 
SPECIES s E T s ET s ET s E T s E T 
Plains cottonwood .09 .Bo 1.15 .35 
Almondleaf willow 1.33 .2~ 
Salt cedar 2.53 .03 
Honey locust .01 .03 
Sandbar willow .o4 .01 
TOTALS .09 .Bo -... - s.12 .67 
22 
Zone f• Zone C was from 14 to 32 meters wide, and lay between 
the 2,151 and 2,147 feet elevation contours (Fig. 1). Zone C was 
characterized by a great variety of grasses and sedges, and by a dense 
cover of forbs. Woody vegetation was completely absent. 
Total basal cover of grasses and sedges was 10.,94 per cent 
(Table I). Buffalograss was the dominant species, having a basal 
cover of .5.76 per cent. Sand dropseed and windmillgrass were sub-
dominants of major importance, having basal covers of 2.88 and 1.69 per 
cent, respectively. Other species which occurred with a basal cover of 
less than 0.20 per cent each were red threeawn, silver bluestem, tumble-
grass, corrnnon witchgrass, Canada wildrye (Elyrnus canadensis), heavy 
sedge, saltgrass (Distichlis stricta), and yellow bristlegrass (Setaria 
lutescens). 
Sixteen species of forbs were encountered along the transects in 
Zone C. Although Zone Chad the fewest different forb species, it was 
second only to the control zone in average abundance per square meter. 
The average abundance was 88 • .50 stems per square meter (Table II). 
Western ragweed, common eveningprimrose (Oenothera biennis), fogfruit, 
Missouri goldenrod, horsewee, and heath aster were the most prominent 
species found in Zone C. 
Zone C was inundated on four occasions during the entire life of 
the reservoir. These were: (1) For a period of 73 days in July, August, 
and September of 19.51; (2) for 103 days in June, July, August, and 
September of 19.57; (3) for 29 days in March and April of 1960; and 
(4) for 23 days in June of 1961. 
1 
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Zone D. Zone D was from 9 to 24 meters in width, and lay be-
tween 2,147 feet elevation and the water line of 2,144 feet (Fig. 1). 
Zone D was almost void of grasses, but contained numerous forb species 
and other herbaceous vegetation. Woody species were also abundant. 
Total basal cover of grasses was 0.79 per cent (Table I). Salt-
grass and green muhly (Mublenbergia racemosa) were found in small, 
scattered colonies, while windmillgrass, sand dropseed, common witch-
grass, and yellow bristlegrass were encountered as widely separated, 
single plants. 
Herbaceous vegetation . other than grasses and sedges, included 
prominent forbs such as western ragweed, horseweed, Missouri goldenrod, 
fogfruit, co!TIDlon eveningprimose, and curltop smartweed. Less common 
species such as cocklebur, American bulrush, purple amrnannia (Ammannia 
coccinea), winged lythrum (l,ifthrum alatum), bigbract verbena (Verbena 
bracteosa) , co!TIDlon cattail(~ latifolia) and Dudley rush (Juncus 
dudleyi) were important as indicators, being confined entirely to Zone 
D. A total of 26 species, having an average abundance of 75.69 stems 
per square meter, were found (Table II) . 
Woody vegetation had an average of 5.12 seedlings per square meter 
and 0.67 established trees per square meter (Table III). Seedlings of 
salt cedar (Tamarix pentandra)occurred in dense, localized stands, and 
had an average of 2.53 seedlings per square meter. Seedlings of plains 
cottonwood and almondleaf willow were evenly distributed throughout the 
zone, and had an average of 1.15 and 1.33 seedlings per square meter, 
respectively. Seedlings of sandbar willow were sparsely scattered 
< 
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throughout , while seedlings of honey locust (Gleditsia triacanthos) 
were found only on the extreme upper perimeter . Established trees 
seemed to follow the same pattern of distribution as seedlings of 
their species . These established trees were short and shrubby in 
appearance, the foliage width often exceeding height of the plant. 
Trees rarely exceeded two meters in height, and diameter of the stems 
ranged from two to six centimeters . 
Zone D has been entirely inundated five times during the history 
of the reservoir. These were: (1) For a period of 86 days in July, 
August, and September of 1951; (2) for 304 days from June, 1957 through 
March, 1958; (3) for 101 days from March to June in 1960; (4) for 97 
days from June to October in 1961; and (5) for 21 days in June of 1962. 
AREA II 
Study Area II was a north-facing slope, located on the south 
shoreline of the reservoir . Slope was gentle, ranging from 2.7 per cent 
along transect number one to 2.1 per cent along transect number five. 
The shoreline was divided into five communities or zones, quite similar 
in aspect to the zones of Study Area I . As in Study Area I, these zones 
were designated Control, A. B, c, and Din the order of their descending 
elevations (Fig . 2). 
Control Zone . The control zone was 20 meters wide and positioned 
directly above and parallel to the 2,lSS feet elevation contour (Fig . 2) . 
Total basal cover of grasses was nearly the same as in the control zone 










Figure 2 . Topographic map, drawn to scale, of Study Area II, 
showing elevation contours, boundaries of vegetative 
zones and position of' the line transec t s. 
26 
of Area I, and all species were evenly distributed throughout the zone. 
Forbs were not as abundant as in the similar zone of Area I. No woody 
vegetation occurred above the 2,155 feet elevation contour. 
Total basal cover of grasses in the control zone was 16.01 per 
cent (Table IV). Sand dropseed, red threeawn, and windmillgrass were 
the dominant species, having basal covers of $.05, 4.93, and 3.71 per 
cent, respectively. Buffalograss, silver bluestem, blue grama, and 
tumblegrass were encountered, but were of minor importance. 
A total of 15 different species of forbs in the control zone with 
an average total abundance of 46.60 stems per square meter (Table V) were 
encountered. Heath aster, western ragweed, horseweed, and smallflower 
gaura were the most prominent forbs . 
Zone!• Zone A ranged from 7 to 15 meters in width, and occupied 
that part of the shoreline between 2,155 and 2,154 feet elevation (Fig. 2). 
Four species of grasses and twelve species of forbs were recorded, and 
no woody vegetation was encountered. 
Total basal cover of grasses in Zone A was 12.20 per cent (Table 
IV). Windmillgrass was the dominant species, having a basal cover of 
8.74 per cent. Sand dropseed and red threeawn were the major secondary 
species, having basal covers of 2.12 and 1.24 per cent, respectively. 
Buffalograss was the only other grass found . 
Average abundance of forbs was 34.84 stems per square meter (Table 




TABLE IV. Percentage basal cover for each species of grass and sedge 
found in each vegetative zone of Study Area II. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONE D 
Blue grama .13 
Red threeawn 4.93 1.24 .04 .02 
Buffalograss 1.27 .10 2.40 1.46 
Sand dropseed 5.05 2.12 4.13 1.85 
Windmillgrass 3.71 8.74 .32 .40 
Tumble grass .02 .o4 
Silver bluestem .90 .02 
Prairie cordgrass 1.80 
Western wheatgrass .34 
Swi tchgrass .21 
Virginia wildrye .02 
Saltgrass .02 
Yellow bristlegrass .01 
Heavy sedge .02 .11 1.44 
Common witchgTass .15 .41 
TOTALS 16.01 12.20 6.91 6.45 1.85 
28 
TABLE V. Abundance of all herbaceous vegetation, excepting 
grasses and sedges, for each vegetative zone of 
Study Area II. Data ~reexpressed in number of stems 
per square meter 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONE D 
Rosering gaillardia* .75 
Texas Croton .o5 
Small soapweed .05 
Wavy thistle 1.00 .71 
Heath aster 15.50 7.50 2.04 5.60 
Smallflower gaura 2.80 1.67 1.84 1.5.5 
Curlycup gumweed 2.20 1.67 .26 .55 
Louisiana lettuce 1.25 .24 .05 .10 
Prairie coneflower .30 .36 .61 .38 
Kuhnia .85 .12 2.12 
Common sunflower .10 .18 .55 .18 
Western ragweed 15.00 12.86 15.77 46.72 .11 
Hoseweed 3.95 2.38 .26 4.48 10.32 
Missouri goldenrod 1.80 6.79 2.91 10.32 1.06 
Geyer euphorbia 1.00 .36 .31 .68 .35 
False tarragon sagewort .77 2.70 
Fogfruit 7.55 5.95 .74 
Woolly verbena 1.05 
Dakota verbena .12 
(Continued on next page) 
*Scientific names of all herbaceous plants other than grasses and sedges 
are in Appendix A. 
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TABIE V. (Continued) 
SPECIES CONTROL ZONE 11. ZONE B ZONE C ZONED 
Buffalobur nightshade .08 
Stiff goldenrod .05 
Slimflower scurfpea .02 
Illinois bundleflower .02 
Lanceleaf groundcherry .02 
Kochia .02 
Common eveningprirnrose 5.42 5.74 
Pale dock 1.98 .46 
Spikerush 1.98 25.99 
Curltop smartweed .78 35.74 
Winged lythrum .os .10 
< 
Shore buttercup 44.72 
Softstem bulrush 10.18 
Common cattail 9.37 
American bulrush 7.46 
Flats edge 3.42 
Dudley rush 3.24 
Curled dock 1.09 
Purple ammannia .81 
Bigbract verbena .56 
Cocklebur .53 
TOTAI.S 46.60 34.84 32.37 93.29 162.77 
30 
Zone A was inundated on two occasions during the entire history 
of the reservoir. These were: (1) For a period of 7 days in July of 
1951; and (2) for 15 days in June and July of 1957. 
Zone~- Zone B was from 19 to 30 meters in width, and lay 
between the 2,154 and 2,151 feet elevation contours (Fig. 2). The 
zone was characterized by an overstory of large, well-established 
trees, and an understory of sparse, widely separated grasses and forbs. 
Total basal cover of grasses and sedges in Zone B was 6.91 per 
cent (Table IV). Sand dropseed and buffalograss were the dominant 
species, with basal covers of 4.13 and 2.40 per cent, respectively. 
Windmillgrass, red threeawn, and heavy sedge were the only other species 
encountered and were of little importance. 
Eleven species of forbs, with an average total abundance of 
32.37 ~terns per square meter were fund (Table V). As in Zone B of 
Area I, western ragweed and fogfruit were the most prominent species 
followed in importance by heath aster, smallflower gaura, and Missouri 
goldenrod. 
The overall decrease in herbaceous vegetation, as compared to Zone 
B of Study Area I, might be accounted for by the sizable increase in 
dimensions of the woody vegetation. Woody vegetation consisted entirely 
of plains cottonwood, having an average of 0.21 established trees per 
square meter (Table VI) ranging from 6.2 to ll.8 meters in height, with a 
foliage width of from 2.1 to 5.5 meters. Diameter of the trunks ranged 
from 9 to 40 centimeters. This stand of trees greatly reduced light 
penetration to the ground level. 
TABLE VI. Number of tree seedlings per square meter (S) and number of established trees 
per square meter (ET) in each vegetative zone of Study Area II. 
CONTROL ZONE A ZONE B ZONE C Zone D 
SPECIES s E T s E T s ET s ET s E T 
Plains cottonwood ,02 .21 .39 .59 
Aromatic sumac .03 
Salt cedar .93 .29 
Sandbar willow .81 .28 
Almondleaf willow .Jl .40 
TOTAIS --- --- .02 .21 --- .OJ 2.44 1.56 
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Zone B was inundated two times during the existence of the 
reservoir . These were: (1) For a period of 32 days in July and August 
of 1951; and (2) for 42 days in June and July of 1957. 
Zone C. Zone C was from 43 to 56 meters in width and was wider 
than any other zone in any area studied. Elevation ranged from 2,151 
to 2,147 feet (Fig. 2). As in Zone C of Study Area I, Zone Chad a 
great variety of grass and sedge species, and an abundance of forbs. 
Total basal cover of' grasses and sedges in Zone C was 6.45 per 
cent (Table IV). Of the 14 grass and sedge species encountered, only 
3 species had a basal cover of more than 1 per cent. These were sand 
dropseed, prairie cordgrass, and buffalograss. 
Forbs in Zone Chad an average total abundance of 93.29 stems 
per square meter (Table V). Twenty-six different species, more than in 
any other zone of the study, were recorded along the lines. Western 
ragweed was the most common occurring species, followed by }1issouri 
goldenrod, fogfruit, heath aster, connnon eveningprimrose, horseweed, 
and falsetarragon sagewort . 
Woody vegetation consisted of a few scattered clumps of aromatic 
sumac (Rhus trilobata) (Table VI). 
Zone C was inundated four times during the history of the reservoir. 
These were: (1) for a period of 73 days in July, Au6-ust, and September of 
1951; (2) for 103 days in June, July, August, and September of 1957; 
(3) for 29 days in March and April of 1960; and (4) for 23 days in 
June of 1961. 
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Zone£• Zone D was from 22 to 47 meters wide and occupied that 
part of the shoreline between 2,147 feet elevation and the water line 
of 2,144 feet (Fig. 2). Zone D was characterized by a low basal cover 
of grasses and sedges, and a great abundance of ot her herbaceous veg-
etation. A moderate stand of evenly distributed woody species was found 
throughout. 
Total basal cover of grasses and sectges in Zone D was 1.85 per 
cent (Table IV). Heavy sedge and common witchgrass were the only species 
encountered with basal covers of 1.44 and o.~l per cent, respectively. 
Other herbaceous vegetation included such species as shore 
buttercup (Ranunculus cymbala.ria), curltop smartweed, spikerush, 
(Eleocharis macrostachya), horseweed, softstem bulrush (Scirpus 
validus), common cattail, American bulrush,and common eveningprimrose. 
A total of 21 species, 10 of which were endemic, were encountered in 
Zone D. Total abundance of herbaceous vegetation, excluding grasses 
and sedges, was 162.77 stems per square meter (Table V). 
Woody vegetation consisted of plains cottonwood, sandbar willow, 
salt cedar, and almondleaf willow (Table VI). All established trees 
had a dwarfed, shrubby appearance, with a maximum height of 3.1 meters. 
Foliage width often exceeded the height of the plant, and diameter of 
the stems rarely exceeded 6 cent imeters. 
Zone D was inundated 5 times during the history of the 
reservoir . These were: (1) for a period of 86 days in July, August, 
and September of 1951; (2) for 304 days from June, 1957 through 
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March, 1958; (3 ) for 101 days from March to June in 1960; (4) for 
97 days from June to October in 1961; and (5) for 21 days in June 
of 1962. 
AREA III 
Study Area III was a northeast-facing slope, located along a 
small bay, on the south shore of the reservoir. Slope was moderate, 
ranging from 4.0 per cent along transect number one to 4.9 per cent 
along transect nuMber five . The area lacked the savannah-like zone 
comparable to Zone Bin Study Areas I and II, having only four dis-
tinct vegetative zones. Zone A of Study Area III occupied the same 
elevation contours as Zones A and B of Study Areas I and II. The 
four zones of vegetation were designated Control, A, B, and C in the 
order of descending elevations (Fig. 3). 
Control Zone. The control zone was 20 meters wide and positioned 
directly above and parallel to the 2,155 feet elevation contour (Fig. 3). 
The Control Zone resembled the control zones of Areas I and II, being 
dominated by short-lived perennial grasses. Woody vegetation was absent. 
Total basal cover of grasses in the control zone was 11.27 per 
cent (Table VII). Red threeawn was the dominant species, with a basal 
cover of 6. 20 per cent . Sand dropseed was the only other grass of 
major importance, with a basal cover of 2.69 per cent . Small amounts 
of windmillgrass, purple threeawn, buffalograss, silver bluestem, 
and switchgrass (Panicum virgatum) were also present . 








Figure 3. Topographic map, drawn to scale, of Study Area III, 
showing elevation contours, boundaries of vegetative 
zones and position of the line transects . 
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TABLE VII. Percentage basal cover for each species of grass 
and sedge found in each vegetative zone of Study 
Area III. 
SPECIES CONTROL ZONE A ZONE B ZONE C 
Red threeawn 6.20 2.76 .21 
Sand dropseed 2.69 1.59 3.56 
Windmill grass .87 .21 .02 
Purple threeawn .49 .31 .08 
Buffalograss . 90 5.23 
Silver bluestem .06 .o4 
Switchgrass .06 .34 .38 .13 
Yellow bristlegrass .24 
Common witchgrass .52 .03 .21 
Puffsheath dropseed .03 .03 
Heavy sedge .07 
Prairie cordgrass .08 
Western wheatgrass .o, 
Saltgrass .21 .61 
Fox sedge .18 
TOTAIS ll.27 6.oo 9.99 1.13 
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Forbs had an average abundance of 57.26 stems per square meter 
( Table VIII ) • Horseweed, western ragweed, curlycup gu.mweed, Missouri 
goldenrod, and rosering gaillardia (Gaillardia pulchella) were the most 
frequently occurring species in the control zone. 
Zone A. Zone A was from 7 to 14 meters in width, and occupied 
that portion of the shoreline between 2,155 and 2,151 feet elevation 
(Fig. 3). Vegetation was sparse , basal cover of grasses was low, forbs 
were scattered and woody ve getation was completely absent. 
Total basal cover of grasses was 6.00 per cent (Table VII) . Red 
threeawn and sand dropseed were the dominant species, with basal covers 
of only 2.76 and 1.59 per cent, respectively. Six minor grass species 
occurred. 
Only five species of forbs were found in Zone A having an 
average abundance of 36.18 stems uer square meter (Table VII I). 
Western ragweed, common sunflower (Helianthus annuus), and horseweed 
were the predominantly occurring species. 
Zone A was inundated on two occasions during the entire existence 
of the reservoir. These were: (1) for a period of 32 days in July and 
August of 1951; and (2) for 42 days in June and July of 1957. 
Zone B. Zone B was from 33 to 45 meters in width, and occupied 
that part of the shoreline between 2,151 and 2,147 feet elevation (Fig. 3) . 
This zone, as in the corresponding Zone C of Areas I and II, was 
characterized by a great variety of grasses and sedges, and by an 
abundance of forbs. Woody vegetation was absent. 
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TABLE VIII. Abundance of all herbaceous vegetation, excepting 
grasses and sedges, for each vegetation zone in 
Study Area III. Data axe expressed in number of 
stems per square meter. 
SPECIES CONTROL ZONE A ZONE B ZONE C 
Louisiana lettuce* 1.03 
Wavyleaf thistle .10 
Stiff goldenrod .20 
Geyer euphorbia .05 
Small soapweed .05 
Rosering gaillardia 2.89 1.18 
Common sunflower .10 6.71 .95 
Missouri goldenrod 2.11 1.29 
False tarragon sagewort .59 2.55 
Heath aster . 93 . 31 
Woolly verbena .05 .17 
Common eveningprimrose .29 10.17 6.89 
Smallflower gaura .29 .51 .38 
Western ragweed 20.15 24.08 34.29 16.36 
Horseweed 24.95 3.82 24.76 5.08 
Curlycup gumweed 3.48 .39 11.12 1.74 
Woolly plantain .58 
Pale dock .34 .45 
Fogfruit 8.88 1.52 
(Continued on next page) 
*Scientific names of all herbaceous p~ants other than grasses and 
sedges a.re in Appendix A. 
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TABLE VIII. (continued) 
SPEcrns CONTROL ZONE A ZONE B ZONE C 
American bulrush 11.06 
Curltop smartweed 1.67 
Purple arnrnannia 1.36 
Cocklebur 1.14 
Dudley rush 1.06 
TOTAIS 57.26 36.ltl 95.92 48.71 
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Total basal cover of grasses and sedges was 9. 99 per cent 
(Table VII) . Buffalograss and sand dropseed were the dominant 
species, having basal covers of 5.23 and 3.56 per cent, respectively. 
Eleven other species, with a total basal cover of only 1.20 per cent 
were present . 
Thirteen species of forbs, with a total average abundance of 
95 . 92 stems per square meter were present in Zone B. Western ragweed, 
horseweed, curlycup gwnweed, common evening~r:i.mros~ and fogfruit were 
the most abundant forb species. 
Zone B was inundated on four different occasions during the 
history of the reservoir. These were: (1) for a period of 73 days in 
July, August, and September of 1951; (2) for 103 days in June, July, 
August, and September of 1957; (3) for 29 days in March and April 
of 1960; and (4) for 23 days in June of 1961. 
Zone C. Zone Clay between the 2,147 feet elevation contour and 
the water line of 2,144 feet, and corresponded to Zone D of Areas I and 
II (Fig. 3). 
Total basal cover of grasses and sedges was l.lj per cent 
(Table VII). Saltgrass, common witchgrass, fox sedge (Q~ vulpinoidea), 
and switchgrass were found as widely separated single plants. 
Twelve species of forbs, having an average abundance of 48.71 stems 
per square meter, wer e encountered in Zone C (Table VIII). Western rag-
weed, American bulrush, and common eveningpr:i.mrose were the most abundant 
species. Dudley rush, cocklebur, puprle ammannia, curltop smartweed, 
41 
fogfruit and horseweed were other species of common occurrence. 
The most abundant established trees were sandbar willow and 
honey locust . Almondleaf willow, plains co t tonwood, and salt cedar 
also occur red sparsely scattered throughout the zone. A total of 1.12 
seedlings and o.41 established trees per square meter were found along 
the transects in Zone C (Table IX). Established trees ranged from 0.6 to 
1. 6 meters in height, with a foliage width of from 0.2 to 2.3 meters. 
Diameter of stems ranged from 3 to 7 centimeters. 
Zone C was inundated five times during the ent ire existence of 
the reservoir. These were: (1) for a period of 86 days in July, August, 
and Sept ember of 1951; (2) for 304 days from June, 1957 through March, 
1958; (3) for 101 days from March to June in 1960; (4) for 97 days 
from June to October m 1961; and (S) for 21 days in June of 1962 . 
Ad.EA IV 
Study Area IV was a southeast-facing slope, located on a large 
cove, on the north shore of the reservoir. Slope was moderate, ranging 
from J . O per cent along transect number one to 2.1 per cent along 
transect number five. The shoreline was divided into five distinct 
corn.munities or zones, similar in aspect to the zones 01' Study Areas I 
and II. The elevation contours of zones also corresponded to t hose of 
Areas I and II . Zones were designed Control, A, B, C, and Din the 
order of descending elevations (Fig. 4). 
TABLE IX. Number of tree seedlings per square meter (S) and number of established trees 
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Figure 4. Topographic map, drawn to scale, of Study Area IV, 
showing elevation contours, boundaries of vegetative 
zones and positions of the line transects. 
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Control Zone . The control zone of area IV was somewhat 
accelerated in succession, due to its close proximity to native 
grassland vegetation. Native prairie virtuaJ.ly bordered the control 
zone on all sides, except that one leading to the water's edge. Woody 
vegetation was absent. 
Total basal cover of grasses in the control zone was 18.20 per 
cent ( Table X) • Red three awn was the dominant species with a basal 
cover of 7. 7 per cent. Windmillgrass and bl ue gra.i11a were about equal 
ranking sub-dominants, having basal covers of 3.55 and 3.00 per cent, 
respectively. Buffalograss and sand dropseed occurred frequently 
and had basal covers of 1.35 and 1.15 per cent, respectively. Other 
grasses that were encountered were side-oats grama (Bouteloua curtipendula), 
little bluestem (Andropogon scoparius), silver bluestem, and purple 
threeawn. 
Forbs in the control zone had an average abundance of 41.24 
stems per square meter (Table XI). Western ragweed, heath aster, horse-
weed, and wuisiana lettuce (Lactuca ludoviciana) were common. 
Zone!• Zone A was from 7 to 21 meters in width, and occupied 
the shoreline between 2,155 and 2,154 feet elevation (Fig. 4). Only 
two species of grass and six species of forbs were found in the zone. 
No woody vegetation occurred in Zone A. 
Total basal cover of grasses was 2.80 per cent. Buffalograss and 
red threeawn had basal covers of 1.70 and 1.10 per cent, respectively. 
Forbs had an average abundance of 60.00 stems per square meter 
(Table XI). Western ragweed, horeseweed, and smallflower gaura were 
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TABLE X. Percentage basal cover for each species of grass 
and sedge found in each vegetative zone of Study 
Area IV. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Blue grama 3.00 
Sideoats grama .Bo 
Little bluestem .JO 
Silver bluestem .20 
Purple threeawn .1.5 
Red threeawn 7.70 :1_.10 
Sand dropseed 1.1.5 2.21 J.64 
Windmillgrass J • .55 .16 
Buffalograss 1.35 1.70 6.05 .91 
Switchgrass 5.66 
Heavy sedge 3.00 
Barnyardgrass 2.08 
TOTALS 18.20 2.80 8.42 4 .55 10.74 
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TABLE XI. Abundance of all herbaceous vegetation, excepting 
grasses and sedges, for each vegetative zone of 
Study Area IV. Dataare expressed in number of stems 
per square meter. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Dotted gayfeather* .62 
Small soapweed .38 
Texas croton .12 
Louisiana lettuce 1.75 .29 
Curlycup gu.mweed 1.00 .56 11.74 
Prairie coneflower .38 .08 .33 
Heath aster 6.75 .87 6.41 .56 
Stiff goldenrod 1.00 1.59 3.04 .07 
Western ragweed 25.62 37.06 11.59 52.28 4.44 
Horseweed 3.62 10.00 .24 7.61 2.29 
Smallflower gaura 8.24 
Cup rosinweed 2.65 
Kochia 1.76 
Purple poppymallow .32 
Woolly verbena .16 
False tarragon sagewort .40 .65 
Fogfruit 20.24 25.65 1.46 
Common eveningprimrose .16 5.11 1.81 
Missouri goldenrod 10.22 
(Continued on next page) 
*Scientific names for all herbaceous plants except grasses and sedges are 
in Appendix A. 
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TABLE XI. {Continued) 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONE D 
Spikerush 90.3.5 
Shere buttercup 36.67 
Curltop smartweed 16.74 
Dudley rush 14.24 
American bulrush 13.19 
Winged lythrum 11.46 
Flatsedge 3.89 
Cocklebur J.61 
Purple ammannia 2.99 
Common cattail .49 
Pale dock .28 
TOTALS 41.24 60.00 36.21 123.04 204.54 
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the most prominent species, comprising over 90 per cent of the total 
forb composition . 
Zone A was inundated on two occasions during the entire life of 
the reservoir . These were: (1) for a period of 7 days in July of 1951; 
and (2) for 15 days in June and July of 1957 . 
Zone B. Zone B had the same characteristic overstory of plains 
cottonwood and un<lerstory of buf falograss and sand dropseed, as was 
found in the corresponding Zone B of Areas I and II . The elevation of 
the zone was also the same ranging from 2,154 to 2,151 feet (Fig . 4). 
Total basal cover of grasses was 8.42 per cent (Table X) . Buffalo-
grass and sand dropseed had basal covers of 6.05 and 2.21 per cent, 
respectively. The only other grass found was windmillgrass. 
Forbs were relatively sparse, occurring mainly on the upper 
and lower borders. Total abundance was 36.21 stems per square meter 
(Table XI). Western ragweed and fogfruit were the predominant species, 
and were found more evenly distributed throughout the zone. The border 
species included curlycup gumweed, heath aster, horseweed, stiff 
goldenrod, and common eveningprimrose. 
Woody vegetation consisted entirely of established plains 
cottonwood, having an average of 0 . 37 trees per square meter. The 
stand was intermediate in size between those of Zone Bin Areas I and 
II . Height ranged from 3.1 to 9.6 meters, and foliage width varied 
from 1 . 1 to 4.2 meters . Diameter of stems ranged from 11 to 25 centi-
meters . 
Zone B was inundated two times during the existence of the 
reservoir. These were: (1) for a period of 32 days in July and 
August of 1951; and (2) for 42 days in June and July of 1957. 
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Zone Q• Zone C was from 21 to 36 meters in width, and lay 
between the 2,151 and 2, 1l~7 feet elevation contours (Fig. 4). Unlike 
the corresponding zones of Areas I, II, and III, this zone had only 
two species of grass . The high abundance of forbs followed the 
preceeding pattern, and woody vegetation was absent. 
Sand dropseed and buffalograss had basal covers of 3.64 and 
0.91 per cent, respectively. 
Forbs had an average abundance of 123.04 stems per square meter 
(Table XI). Western ragweed and fogfruit were the most abundant 
species, followed in importance by curlycup gumweed, Missouri golden-
rod, horseweed, heath aster, and c0Iii.,1on eveningprimrose. 
Zone C was inundated on four occasions cturing the entire life 
of the reservoir. These were: (1) for a period of 73 days in Jl:aJ.y, 
August, and September of 1951; (2) for 103 days in June, July, August, 
and September of 1957; (3) for 29 days in March and April of 1960; and 
(4) for 23 days in June of 1961. 
Zone D. Zone D was 33 to 39 meters in width between the 2,147 
feet elevation contour and the water's edge of 2,144 feet (Fig. 4). 
vrasses and sedges had a higher basal cover than in any corresponding 
zone of any other study area. Other herbaceous vegetation and woody 
species were also quite abundant. 
so 
Total basal cover of grasses and sedges was 10.94 per cent. 
Switchgrass was the dominant species, having a basal cover of 5.66 
per cent. Heavy sedge and barnyardgrass (Echinochloa crusgalli) were 
the only other species encountered,with basal covers of J.00 and 2.08 
per cent, respectively. 
Previously mentioned forbs and herbaceous hydrophytes, 
characteristic of the lowermost zone, which were most prominent in 
Area IV included spikerush, shore but tercup, curltop smartweed, 
Dudley rush, American bulrush, and winged lythrum. Total abundance of 
forbs was 204.54 stems per square meter (Table XI). 
Woody vegetation had an average of 1.95 seedlings and o.45 
established t rees per square meter (Table XII). Plains cottonwood, 
almondleaf willow, sandbar willow, and salt cedar all grew in the low, 
shrubby manner, characteristic of Zone D. 
Zone D has been entirely inundated five times during the history 
of the reservoir. There were: (1) for a period of 86 days in July, 
August, and September of 1951; (2) f or 304 days from June, 1957 
through March, 1958; (3) for 101 days from March to June in 1960; 
(4) for 97 days from June to October in 1961; and (5) for 21 days 
in June of 1962. 
AREAV 
Study Area V was a south-facing slope, located on the north 
shoreline of the reservoir. Slope of t his area was the steepest of 
all areas studied, ranging from 6.4 per cent along transect number 
TABLE XII. Number of tree seelings per square meter (S) and number of established trees per 
square meter (ET) in each vegetative zone of Study Area IV. 
CONTROL ZONE A ZONE B ZONE C ZONED 
SPECIES s E T s ET s E T s E T s ET 
Plains cottonwood .37 .85 .os 
Almondleaf willow .30 .30 
Sandbar willow .45 .b.5 
Salt cedar .35 .os 




one to 5.7 per cent along transect number five. The vegetation was 
divided into five different coITm1unities or zones. Neither vegetative 
composition of the zones, nor the elevation boundaries, corresponded 
entirely with the five zones of Study Areas I, II, and IV; however, 
they were designated Control, A, B, C, and Din the order of descending 
elevations (Fig. 5). 
Control Zone. The control zone was 20 meters wide and positioned 
directly above and parallel to the 2,155 f eet elevation contour (Fig. 5). 
Total basal cover of grasses was 15.74 per cent (Table XIII). 
Red threeawn and silver bluestem were the co-dominant species having 
basal covers of 5.85 and 5.66 per cent, respectively. Windmillgrass was 
an important sub-dominant with a basal cover of 3.26 per cent. Sand 
dropseed and tumblegrass were the only other species encountered but 
were of minor importance. 
Forbs in the control zone had an average abundance of 36.16 stems 
per square meter (Table XIV). Western ragweed, heath aster, and horse-
weed were the most prominent species. Other species of common occurrence 
were whorled milkweed (Asclepias verticillata), curlycup gumweed, and 
rosering gaillardia. 
Woody vegetation was completely absent in the cont rol zone. 
Zone A. Zone A was from 2 to 12 meters wide and occupied that ---
part of the shoreline between 2,155 and 2,151 feet elevation (Fig. 5). 
This zone corresponded in aspect to Zone B of Study Areas I, II, and IV, 
having an overstory of established trees and an understory of grasses 
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Figure 5. Topographic map, drawn to scale, of Study Area V, 
showing elevation contours, boundaries of vegetative 
zones and positions of the line transects. 
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TABLE XIII. Percentage basal cover for each species of grass 
and sedge found in each vegetative zone of Study 
Area V. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Tumblegrass .01 
Red threeawn 5.85 .74 .14 .61 
Sand dropseed .96 J.97 J.17 .86 
Windmillgrass 3.26 .84 .41 6.03 
Silver bluestem 5.66 .OJ .JO .08 
Buffalograss 4.55 20.29 1.61 
Purple threeawn .97 
Yellow bristlegrass .17 .21 
Common witchgrass .59 
TOTAIS 15.74 10.13 24.31 10.33 .Bo 
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TABLE XIV. Abundance of all herbaceous vegetation, excepting 
grasses and sedges, for each vegetative zone in 
Study Area V. Data ate. expressed in number of sterns 
per square meter. 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Whorled milkweed* 2.25 
Kuhnia .31 
Wavyleaf thistle .19 
Illinois bundleflower .12 
Missouri goldenrod .12 
J.anceleaf groundcherry .12 
Broom snakaweed .12 
Slimflower scurfpea .06 
Missouri loco .06 
Rosering gaillardia 1.38 032 
Curlycup gumweed 1.81 .16 2 .14 
Common sunflower .06 .26 
Horseweed 7.25 .51 10.89 2.24 
Western ragweed 11.81 21.29 19.41 24.64 30.13 
Heath aster 8.94 2.10 2.54 7.32 1.72 
Smallflower gaura .69 1.29 .34 6.61 4.47 
Louisiana lettuce . 62 .16 034 .18 • .53 
Geyer euphorbia .2s .16 .OB . 54 .53 
Texas croton .16 
(Continued on next page) 
*Scientific names of all herbaceous plants other than grasses and sedges 
are in Appendix A. 
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TABLE XIV. (Continued) 
SPECIES CONTROL ZONE A ZONE B ZONE C ZONED 
Prairie coneflower .32 .93 
Pale dock .65 .oa .13 
Fogfruit 8.39 12.71 13.7.5 6.4.5 
Kochia .08 1.32 
Common eveningprimrose .08 2.32 1.32 
Stiff goldenrod .71 
Lemon-scent .36 
Curltop smartweed 7.89 
Flatsedge 1.32 
Purple ammannia 1.18 
Woolly verbena .92 
Snow-on-the-mountain .66 
Russian thistle .13 
Cocklebur .13 
TOTALS 36.16 35.oo 37.10 69..46 61.33 
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and forbs. 
Total basal cover of grasses in Zone A was 10.13 per cent 
(Table XIII). Buffalograss and sand dropseed were the dominant species, 
having basal covers of 4.55 and 3.97 per cent, respectively. Windmill-
grass, red threeawn, and silver bluestem were the only other grass 
species encountered. 
Eleven species of forbs, having an average abundance of 35.00 stems 
per square meter were found in Zone A (Table XIV) . Western ragweed and 
fogfrui t were +,he most prominent forb species, comprising well over 80 
per cent of total forb composition. 
Woody vegetation was comprised entirely of plains cottonwood 
with an average of o.55 established trees per square meter and an 
average of 0.13 seedlings per square meter (Table XV) . The height 
ranged from 0.9 to S.6 meters, with a foliage width of from 0.3 to 
5.S meters. Diameter of stems rang~d from 4 to 28 centimeters. 
Zone A was inundated on two occasions during the life of the 
reservoir. These were: (1) for a period of 32 days in July and Au6ust 
of 1951; and (2) for 42 days in June and July of 1957. 
Zone B. Zone B was from 4 to 21 meters wide and occupied the 
shoreline between 2,151 and 2,149 feet elevation (Fig. 5). 
Total basal cover of grasses was 24.31 per cent (Table XIII). 
Buffalograss was the dominant species, having a basal cover of 20.29 
per cent. Sand dropseed was the only other species of frequent 
occurrence, having a basal cover of 3.17 per cent. Windmillgrass , 
silver bluestem, and red threeawn were the other species encountered. 
TABLE XV. Number of tree seedlings per square meter (S) and number of established trees 
per square meter (ET) in each vegetative zone of Study Area V. 
CONTROL ZONE A ZONE B ZONE C ZONED 
SPECIES s E T s E T s ET s E T s E T 
Plains cottonwood .13 055 3.17 .07 
Almondleaf willow .21 .07 
Honey locust .17 .10 




Western ragweed, fogfruit, and heath aster were the most 
abundant forbs in Zone B. Eleven species, with an average abundance 
of 37.10 stems per square meter were present (Table XIV). 
Woody vegetation was completely absent in Zone B. 
Zone B was inundated on two occasions during the life of the 
reservoir. These were: (1) for a period of 56 days in July and August 
of 1951; and (2) for 64 days in June, July, August, and September of 
1957. 
Zone Q• Zone C was from 7 to 11 meters wide and occupied that 
part of t he shoreline between 2,149 and 2,146 feet elevation (Fig. 5). 
Total basal cover of grasses was 10.33 per cent (Talbe XIII). 
Windmillgrass was the dominant grass species, having a basal cover of 
6.03 per cent. Buffalograss, purple threeawn, aand dropseed, red 
threeawn, yellow bristlegrass, and silver bluestem were the other 
grasses encountered. 
Forbs in Zone Chad an average abundance of 69.46 stems per 
square meter (Table XIV). Western ragweed, fogfruit, horseweed, heath 
aster, smallflower gaura, common eveningprimrose, and curlycup gumweed 
were the most prominent species. 
Woody vegetation was completely absent in Zone C. 
Zone Chad been inundated on five occasions during the life of 
the reservoir. These were: (1) for a period of 78 days in July, August, 
and September, 1951; (2) for 121 days in June through October of 1957; 
(3) for 39 days in April, May, and June of 1960; (4) for 13 days in 
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August and September of 1960; and (5) for 35 days in June, JuJ.y, and 
August of 1961. 
Zone Q. Zone D was from 3 to 8 meters wide and lay between the 
2,146 feet elevation contour and the water's edge of 2,144 feet (Fig. 5). 
Total basal cover of grasses was 0.80 per cent (Table XIII). 
Yellow bristlegrass and common witchgrass were the only species of grass 
encountered. 
Forbs in Zone D had an average totaJ. abundance 01' 61.33 stems 
per square meter (Table XIV). Western ragweed, curltop smartweed, 
fogfruit, smallflower gaura, and horseweed were the most prominent 
forbs. 
A total of 3.55 seedlings and 0.24 established trees per squarA 
meter were encountered in this zone (Table XV). Plains cottonwood was 
the most frequently occurring woody species, having 3.17 seedlings and 
0.07 established trees per square meter. Other species encountered 
were almondleaf willow and honey locust. 
Zone D was inundated five different times during the existence 
of the reservoir. These were: (1) for a period of 86 days in July, 
August, and September of 1951; (2) for 304 days from June, 1957 through 
March, 1958; (3) for 101 days from March to June in 1960; (4) for 97 
days from June to October in 1961; and (5) for 21 days in June of 1962. 
DISCUSSION 
It was thought at the initiation of this study, that the five 
areas previously described would be similar enough in vegetative com-
position to facilitate a common description applicable to all. Assump-
tions were made that inundation on all five study areas would be of the 
same overall magnitude, which it was; and that other environmental 
factors acting independently upon each area were not important enough 
to offset this inundation factor to any great degree. The latter was a 
false assumption. The basic zonation of all areas studied was not 
congruent, much less the vegetative composition within each basic zone. 
As a rule, the reasons for the differences in the vegetation among the 
areas were not readily apparento Further studies on the soil, micro-
climate, and moisture relationships within each area are needed to better 
understand why the vegetation has developed as it has on each of the 
study areas. However, an attempt will be made to point out some of the 
similarities and differences in the vegetation as it occurred on the five 
areas studied. 
The control zones of each area consistently contained the same 
species, in so far as the major or predominantly occurring plants were 
concerned. The proportions or abundance of these major constituents were 
not so consistent. The control zones were all treeless. Of the grasses , 
red threeawn had the largest basal cover in the control zones of all 
study areas but one; and in this case, it was not far behind the first 
ranking dominant. Sand dropseed and windmillgrass were of common occur-
rence in all of the control zones, but their percentage compositions were 
FOR USE N 
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widely varied. However, these two species, when combined with red 
threeawn, constituted the major portion of basal cover in the control 
zones of all areas studied. Silver bluestem was a commonly occurring 
grass in the control zones, but the percentage composition ranged from 
a mere trace in one area to about 40 per cent in another. Other species 
which could be expected to occur in varying amounts in the control zones 
would be buffalograss, tumblegrass, and common witchgrass. 
Western ragweed, horseweed, curlycup gumweed,and heath aster were 
the most abundant forb species in the control zones. Wavyleaf thistle, 
rosering gaillardia, whorled milkweed, and small soapweed, although not 
confined entirely to this zone, were more typical of the control zones 
than any other zone. 
The zone immediately below the control zone (Zone A) was distin-
guished by a marked increase in the basal cover of buffalograss or wind-
millgrass, and a sharp decrease in the basal cover of red threeawn and 
sand dropseed. This zone was treeless, except in the case of Area V. 
The overall abundance of forbs decreased somewhat, with western ragweed, 
horseweed, heath aster, Missouri goldenrod, and smallflower gaura being 
the most prominent species. Zone A had been inundated only twice during 
the entire existence of the reservoir. The first time was in July of 1951, 
only two or three months after the fields had been abandoned. The second 
and last inundation period was six years later in June and July of 1957. 
These two periods of high water must have had a pronounced effect on the 
vegetation, as this zone was consistently very different in composition 
than the immediately adjacent control zones. 
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Zone B was the same in general aspect in three of the areas 
studied, but different in the other two. In areas I, II, and IV this 
zone was characterized by an overstory of plains cottonwood and an under-
story of buffalograss and sand dropseed. Zone A in Study Area V was 
quite similar in composition to Zone B of Areas I, II, and IV, having 
the same overstory of plains cottonwood and an understory of buffalo-
grass and sand dropseed. The narrow belt of herbaceous vegetation 
directly below the control zone seemed to have been left out of study 
Area V. When the topography of Area Vis considered, it is conceivable 
that the steepness in slope might have caused the elimination of this 
herbaceous zone, with the result that the savannah-like community in 
Area V occupies both the position of the herbaceous zones found in areas 
I, II, and IV, as well as it's own normal position below this zone. '!.'he 
elevation contour below Zone A in Study Area V further strengthens this 
theory, in that it corresponds with the elevation contour found at the 
lower level of Zone Bin Study Areas I, II, and IV. There was no trace 
of the savannah-like community, and no explanation for it's absence in 
Study Area III. 
Forbs were generally sparse in this savannah-like zone, with 
western ragweed being the only consistent species persisting from the 
upper elevation levels . A species not found in the upper levels, but 
which occurred abundantly in this zone in all study areas was fogfruit. 
Other forbs of this zone varied considerably, and seemed to correspond 
in abundance with the more prominent forbs found in the surrounding 
communities . 
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Like the zone immediately atove this community, Zone B (Zone A 
in Area V) has been inundated only twice during the existence of the 
reservoir. Inundation occurred on the same occasions as on Zone A, but 
due to their lower position, the water stood on Zone B areas for a longer 
period of time. It is possible t hat the second inundation in 1957 did 
not last long enough on Zone A to destroy an appreciable amount of the 
grasses and forbs, but that it did destroy the existing vegetation on 
Zone B. The moist habitat left by the receeding water, coupled with 
the warm temperatures of June and July, would produce a condition favor-
able to the germination of cottonwood seeds. The barren ground, re-
sulting from the partial or complete destruction of grasses and forbs 
in Zone B, would allow the cottonwood seedlings time and space needed 
to become established. Increment borings or ring counts of the trees 
in this zone would be valuable inc terrnining the time of establishment. 
The migration and ecesis of buffalograss, sand dropseed and the forbs in 
this zone would come in the years that followe d, as the habitat became 
more xeric. 
The community directly below the cottonwood-buffalograss-sand 
dropseed zone was dominated by sand dropseed and buffalograss . Zone C 
was treeless in all cases, and with one exception, contained by far 
the largest variety of grass and sedge species found within any one 
zone. Besides the two co-dominants of this zone, small amounts of red 
threeawn, windmillgrass, silver bluestem, common witchgrass, purple 
threeawn, switchgrass, heavy sedge, prairie cordgTass, western wheat-
grass, saltgrass, Canada wildrye, tumblegrass, and yellow bristlegrass 
could be found. As a rule, forbs were also abundant in the Zone C 
community. Western ragweed, smallflower gaura, heath aster, common 
eveningprirnrose, fogfruit, woolly verbena, falsetarragon sagewort, 
Missouri goldenrod, pale dock, stiff goldenrod, and horseweed were 
the major representatives of forbs. Zone Chad been inundated at 
least four times in all study areas. The first two periods, in 1951 
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and 1957, had been of sufficient length to kill all present forms now 
existing on Zone C. The vegetation that now occurs seems to be a mix-
ture of all species found elsewhere within the study areas, and a gradual 
integration with the predominant species of the bordering communities is 
apparent all along the boundaries of these zones. Broad ecotones of Zone 
Care in sharp contrast to the well defined, abrupt boundaries occurring 
along all the other community borders. 
Vetetation in the lower-most zone of each study area was most 
nearly consistent in all cases. lhe effects of periodic inundation 
were most pronounced at this level, and other environmental factors 
were more strongly repressed or easily altered. A number of hydrophytic 
and water tolerant species, characteristic of hydroseres, marshes, and 
wetlands within the Great Plains region were consistently found in Zone D. 
Saltgrass, barnyardgrass, green muhly, common witchgrass, and yellow 
bristlegrass were spareely scattered throughout. Heavy sedge was often 
found as an understory to the woody vegetation. Total basal cover of 
these grasses and sedges was characteristically very low, seldom 
exceeding one or two per cent. Herbaceous vegetation, other than 
grasses and sedges, was usually abundant. A few species such as 
western ragweed, smallflower gaura, common eveningprimrose, fogfruit, 
horseweed, and Missouri goldenrod persisted in varying amounts from 
the upper levels. In most cases however, the major portion of this 
herbaceous vegetation was made up of species very characteristic, even 
endemic to this lower zone. Such species included curltop smartweed, 
flatsedge, purple ammannia, cocklebur, spikerush, shore buttercup, 
Dudley rush, American bulrush, winged lythrum, common cattail, bigbract 
verbena, and softstem bulrush. Woody vegetation consisted of plains 
cottonwood, almondleaf willow, sandbar willow, salt cedar, and honey 
locust. The ratio between seedlings and established trees indicated a 
fairly high mortality rate among these woody species. The estab~ished 
trees were usually sparsely scattered throughout the zone , and appeared 
shrubby or bush-like. It was estimated that these trees were quite 
young in age, and it was noted that in many cases, the existing trees 
had arisen from olaer, dead stocks. 
SU!-ITvr.ARY 
The purpose of the study was to make a detailed analysis of the 
shoreline vegetation occurring on old cultivated fields at Cedar Bluff 
Reservoir, Trego County, Kansas . In addition, the vegetative composi-
tion of each shore~ine community or zone was to be correlated with the 
history of previous inundation on that particular zone. The water level 
within the reservoir is currently maintained at 2,14Lr feet elevation. 
On several occasions, the water level has risen to considerably higher 
elevations, with a maximum high water mark of 2,155 feet elevation. 
Five different areas were selected for study, and five transects 
were established on each study area . Transects were positioned parallel 
to each other, at 30 neter intervals; and, each transect intersected 
the water line at approximately right angles . Data wer..e taken from the 
high water mark inland, for a distance of 20 meters along each line to 
obtain a sample of vegetation in the· control zone. The control zone lay 
adjacent and parallel to the 2,155 feet elevation contour, but ha~ never 
been inundated. Data were then taken from the high water mark down to the 
waters edge to segregate vegetative zones and to determine their composi-
tion. 
Grasses and sedges were sampled by means of a meter-long rod, 
divided into 100, one-centimeter units. Other herbaceous vegetation 
was sampled with a rectangular frame, one meter long and two decimeters 
wide . Woody vegetation was sampled by means of a square meter frame . 
Each device was placed continuously end to end dovm the lines, in order 
that a continuous sample could be obtained. 
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After data had been collected in the field, data for each transect 
were transferred to long sheets of wrapping paper. Data for all three 
types of transects were superimposed along each line, and vegetative 
zones delineated on each transect. Scale topographic maps of each study 
were then made, and vegetative zones plotted in according to the posi-
tion of their boundaries on each line transect. Elevation contours were 
established above and below each vegetative zone, and the history of 
previous inundation determined on each from the daily water level rec-
ords kept by the reservoir superintendent. 
Areas I, II, and IV were divided into five vegetative zones, very 
similar in vegetative aspect and corresponding in elevation contours. 
Zones were designated Control, A, B, C, and Din the order of descending 
elevations. 
Vegetation in the control zones was characterized by a relatively 
low basal cover of short-lived perennial grasses. Numerous forbs, typical 
of 11 go back" areas in the 7th to 20th year of succession, occupied the 
large open spaces between the widely spaced clumps of grasses. The 
control zone was void of woody vegetation. 
Zone A was treeless, and exhibited an overall decrease in the 
amount of herbaceous vegetation. Buffalograss or windmillgrass normally 
came in as the dominant grass species, replacing the red threeawn and 
sand dropseed, typical of the immediately adjacent control zones . This 
zone was found between the 2,155 and 2,154 feet elevation contours, and 
had been inundated twice , 1'or short periods of time, during the entire 
existence of the reser"oir. 
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Zone B had a savannah-like appearance, with an overstory of 
mature, established plains cottonwood, and an understory of buffalo-
grass and sand dropseed. Forbs were generally sparse throughout this 
zone. Zone B was between the 2,154 and 2,151 feet elevation contours 
and had been inundated only twice, on the same occasions as Zone A, 
but due to the lower position of Zone B, the water remained for a 
longer period of time. 
Zone C was characterized by a great variety of grass and sedge 
species, by an abundance of forbs but was treeless. Broad ecotones 
occurred between tl is zone and the bordering corrnnunities. Zone C was 
found from the 2,151 to 2,147 feet elevation contours and had been 
inundated four times, for relatively long periods. 
Zone D was quite similar in all areas studied and contained 
numerous hydrophytes and water tolerant species. Grasses were rare 
but a number of hydrophytic species were endemic in Zone D. Woody 
seedlings and established trees were generally abundant in the lower-
most zone . The established trees were short and bush-like in appear-
ance, and formed a low overstory in some areas of the shoreline. 
Area III had four distinct zones of vegetation similar to the 
zones of Areas I, II, and IV except that the savannah-like zone was 
completely absent. Zones A and B of Areas I, II, and IV seemed to 
be combined into one herbaceous zone in Study Area III. 
Area V had five zones of vegetation, unlike the five zones of 
Areas I, II, and IV, both in vegetation and elevation boundaries. 
The herbaceous zone immediately below the control zone was missing; 
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the savannah-like zone being positioned directly below the control 
zone. An extra zone further down on the shoreline was evident in 
Area V but no apparent reason was readily available . 
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APPENDIX A 
Common and scientific names of all herbaceous plants, 
excepting grasses and sedges, used in this report. 
COMMON NAME 
American bulrush 
Bigbract verbena 
Broom snakeweed 
Buffalobur nightshade 
Buffalo gourd 
Cocklebur 
Common cattail 
Common eveningprimrose 
Common sunflower 
Cup rosinweed 
Curled dock 
Curltop smartweed 
Curlycup gwrrweed 
Dakota verbena 
Dotted gayfeather 
Dudley rush 
Falsetarragon sagewort 
Flatsedge 
Fogfruit 
Geyer euphorbia 
SCIENrIFIC NAME 
Scirpus americanus 
Verbena bracteata 
Gutierrezia sarothrae 
Solanum rostratum 
Cucurbita foetidissima 
Xanthium commune 
Typha latifolia 
Oenothera biennis 
Helianthus annuus 
Silphium perfoliatum 
Rumex crispus 
Polygonum lapathifolium 
Grindelia squarrosa 
Verbena bipinnatifida 
Liatris punctata 
Juncus dudleyi 
Artemisia dracunculus 
Cyperus ferruginescens 
Ll.ppia cuneifolia 
Euphorbia geyeri 
COMMON NAME 
Heath aster 
Horseweed 
Illinois bundleflower 
Kochia 
Kuhnia 
Lambsquarters 
Lemon-scent 
Lanceleaf groun~cherry 
Louisiana lettuce 
Meadow salsify 
Missouri goldenrod 
Missouri loco 
Narrowleaf bluets 
Narrowleaf four-o'clock 
Pale dock 
Prairie coneflower 
Purple arnmannia 
Purple poppymallow 
Rosering gaillardia 
Russian thistle 
Scarlet globemallow 
Shore buttercup 
Slender greenthread 
Slim.flower scurfpea 
SCIENTIFIC NAME 
Aster ericoides 
Conyza canadensis 
Desmanthus illinoensia 
Kochia scoparia 
Kuhnia glutinosa 
Chenopodium album 
Pectis ang~stifolia 
Physalis lanceolata 
Lactuca ludoviciana 
Tragopogon pratensis 
Solidago missouriensis 
Astragalus missouriensis 
Houstonea angustifolia 
Mirabilis linearis 
dumex altissimus 
Ratibida columnifera 
Ammannia coccinea 
Callirhoe involucrata 
Gaillardia pulchella 
Salsola kali 
Sphaeralcea coccinea 
Rannunculus cymbalaria 
Thelesperma gracile 
Psor~lea tenuiflora 
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COMMON NAME 
Smallflower gaura 
Small soapweed 
Snow-on-the-mountain 
Softstem bulrush 
Spikerush 
Stiff goldenrod 
Swamp smartweed 
Texas croto1 
vfavyleaf thistle 
Western ragweed 
Whorled milkweed 
Winged lythrum 
Woolly verbena 
SCIENTIFIC NAME 
Gaura parviflora 
Yucca glauca 
Euphorbia marginata 
Scirpus validus 
Eleocharis macrostachya 
Solidago rigida 
Polygonum cr~~i~eum 
Croton texensis 
Cirsium undulatum 
Ambrosia psilostachya 
Asclepias verticillate 
Lythrum alatum 
Verbena stricta 
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